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Supplemental Experimental Procedures
DNA constructions
To achieve high levels of expression in myelinating SCs, cDNAs were subcloned into pCIS vector, a CAG promoter-driven expression vector that was generated as follows. CAG promoter and poly A signal regions from pCAGGS (Niwa et al., 1991) were subcloned into pBluescript SK(-) (Stratagene, La Jolla, CA, USA). As an expression marker, fluorescent protein genes or LacZ were introduced downstream of IRES sequence using pIRES2 EGFP (Clontech, Mountain View, CA, USA), pTurboRFP-C (Evrogen, Moscow, Russia), or pLenti6
LacZ (Invitrogen, Carlsbad, CA, USA). For the expression of shRNA, microRNA30 (mir30)-based constructs were made (Chang et al., 2006; Matsuda and Cepko, 2007) . Briefly, cDNA of human mir30 was inserted into the CAG promoter-based expression vector and shRNAs were subcloned into the hairpin region. cDNA libraries of adult rat sciatic nerve and brain were prepared using the RNeasy kit (Qiagen, Hilden, Germany) and Primescript Reverse Transcriptase (Takara, Shiga, Japan). Rat P2RY2 and MCU were cloned from the cDNA library of adult rat sciatic nerve. 5ppase WT and catalytically inactive mutant (R343A/R350A) 5ppase Inact were described previously (Kanemaru et al., 2007) . R-GECO1mt was constructed as follows. Mitochondrial target signal derived from subunit VIII of human cytochrome c oxidase was attached to R-GECO1 by subcloning into pCMV/myc/mito vector (Invitrogen).
To further enhance target selectivity to mitochondrial matrix, another mitochondrial targeting signal and a plasmid leader sequence, RSET (Tallini et al., 2006) , were attached to Nterminus. Oligonucleotides for shRNAs were purchased from Invitrogen and were amplified by PCR as described previously (Chang et al., 2006) . The sequences of PCR primer pairs and shRNA templates are summarized in Table 1. 3
In vivo electroporation
Sprague-Dawley rats were purchased from Kiwa Laboratory Animals (Wakayama, Japan) or Tokyo Laboratory Animals Science (Tokyo, Japan). Animals were handled in accordance with guidelines established by the Animal Welfare Committee of The University of Tokyo. Rats were anesthetized with isoflurane (Dainippon Sumitomo Pharma, Osaka, Japan) before surgery, and sciatic nerves were exposed ( Figure 1A ). About 1 µl of plasmid DNA (4 µg µl -1 ) was injected into the sciatic nerve with a glass micropipette. Plasmid compositions used in this study are summarized in Table 2 . To visualize the injection site, 0.01% Fast Green (Wako, Osaka, Japan) was added to the plasmid solution. Electric pulses were then delivered to the injection site using a CUY21SC electroporator (NEPAGENE, Chiba, Japan) through a tweezer-type platinum electrode (CUY650P3 or CUY650P5, NEPAGENE). Electroporation parameters were: voltage, 50 V; pulse duration, 5 ms; pulse interval, 100 ms; pulse number, 4 times (Aspalter et al., 2009) . After the first set of pulse application, the electrode was inverted and another pulse set was applied. Following electroporation, the incision was closed with cyanoacrylate glue. After the recovery from anesthesia, pups were returned to their mother.
Extraction of intracellular ATP from primary culture SCs
Primary culture SCs were prepared as described elsewhere (Brockes et al., 1979) . Primary culture SCs were seeded in collagen-coated 24 well plates containing Dulbecco's modified Eagle's medium (DMEM) supplied with 10 % fetal bovine serum (FBS), 5 ng/mL neuregulin (R&D, Minneapolis, MN, USA) and 5 M forskolin (nacalai, Kyoto, Japan). After reaching more than 90 % confluence, SCs were harvested overnight in DMEM with 2% FBS to suppress the basal signal activation by serum components. SCs were then harvested in DMEM with 2% FBS supplied with the drugs for 6 h. After finishing incubation, SCs were 4 washed with phosphate buffered saline and intracellular components were extracted using perchloric acid method described elsewhere (Kochanowski et al., 2006) . ATP content in extracted solutions was analyzed using HPLC.
Microdialysis
Rat pups were anesthetized by isoflurane and sciatic nerves were exposed. A microdialysis probe (A-I-4-03, Eicom, Kyoto, Japan) was inserted underneath the nerve sheath through a small incision made at a distal part of the exposed sciatic nerve. A platinum bipolar electrode connected to an electric stimulator (SEN-3201, Nihon Koden, Tokyo, Japan) was placed on the sciatic nerve proximal to the microdialysis probe. In some experiments the stimulating electrode was placed on the neighboring muscle. The probe was continuously perfused at 1 l min -1 with a standard external solution (SES; 150 mM NaCl, 4 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 5 mM HEPES and 5.6 mM glucose, pH 7.4) supplemented with 100 µM ARL67156 (Sigma, St. Louis, MO, USA), an ecto-nucleotidase inhibitor. After 20-min perfusion, dialysate was collected for 60 min in three steps (Figure 2A ). To block axonal firing, 50 l of 2% (w/v) lidocaine in SES was applied to the sciatic nerve before electrical stimulation.
Bursts of 10 pulses (0.5 ms, 10 V, 50 Hz) were applied every 1 s. To evaluate the recovery rates of ATP, ADP, AMP, and ADO through the semipermeable membrane of the microdialysis probe, the dialysis was carried out for 60 min in SES containing either ATP, ADP, AMP, or ADO (10 M). Recovery rates were calculated as [adenine nucleoside/nucleotide concentration in dialysate]/10 M. The average recovery rates (measured using 5 probes) were 0.108 (ATP), 0.128 (ADP), 0.157 (AMP), and 0.246 (ADO).
HPLC
Quantification of adenine nucleoside/nucleotides in the collected dialysates was performed 5 using a high-performance liquid chromatography (HPLC) system (Jasco, Tokyo, Japan) equipped with a Hydrosphere C18 column (2504.6 mm, YMC, Kyoto, Japan). Samples were 
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2+ imaging in intact SCs within dissected sciatic nerves
Sciatic nerves were dissected from P6-9 rats electroporated on P3 with G-GECO1.1 and RGECO1mt plasmids. Nerves were desheathed and, for drug application experiments, teased in artificial extracellular fluid (AEF; 124 mM NaCl, 2.5 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 26 mM NaHCO3, 1 mM NaH2PO4 and 10 mM glucose, pH 7.4), bubbled with 95% O2 and 5% CO2. The nerve preparations were kept in a glass-bottom dish with nylon threads, and were continuously perfused with bubbled AEF. Drugs were applied to the nerve preparations 6 using a custom-made puffer system. Images were acquired every 1−5 s using a confocal microscope (IX70 with Fluoview300, Olympus, Tokyo, Japan) equipped with 40 waterimmersion objective lens (N.A. = 1.15) or 20 objective lens (N.A. = 0.75). Bursts of 10 pulses (0.5 ms, 10 V, 50 Hz) were applied every 1 s for 60 s through platinum bipolar electrodes. Data from cells that showed significant Ca 2+ increase at first stimulation were used for analysis. The peak amplitude of F/F0 and integral F/F0 for 3 min after stimulation were analyzed, respectively.
Morphological and immunohistochemical analyses of myelinating SCs
Rats were anesthetized with pentobarbital and were fixed by intracardial perfusion with 4% paraformaldehyde in phosphate buffered saline (PBS). For morphological analysis of SCs, dissected nerves were carefully teased apart by forceps. Z-stack images were acquired every 1 −2 µm using the confocal microscope (IX70 with Fluoview300). SCs damaged during nerve teasing were excluded from the analysis. Projected images were produced using ImageJ (NIH, Bethesda, MD, USA). The diameter of a SC was defined as the mean value of 10 measurements along the cell (Cotter et al., 2010) . The length of a SC was measured using BrdU, rats were fixed with 4% paraformaldehyde. Sciatic nerve frozen sections were sequentially treated with anti-GFP (rabbit, MBL, Nagoya, Japan) and biotin-conjugated anti-rabbit secondary antibody (goat, Invitrogen), incubated in 2N HCl at 37C for 1 h, incubated with anti-BrdU antibody (mouse, Roche, Basel, Switzerland) at 4C for 2 d, and treated with Alexa 488-condugated streptavidin and Alexa 546-conjugated anti mouse secondary antibody (Invitrogen). Preparations were imaged using the confocal microscope (IX70 with Fluoview300 or TCS SP, Leica Microsystems, Wetzlar, Germany).
Electron microscopy
Rats were anesthetized with pentobarbital and were fixed by intracardial perfusion with 2% paraformaldehyde (TAAB, Berks, UK) and 2.5% glutaraldehyde (EMS, Hatfield, PA, USA) in PBS. After being postfixed on ice for 30 min, nerves were cut into 1-2 mm-long pieces and incubated in staining solution (0.5 mg ml -1 halogenated indolyl-β-galactoside [bluo-gal, Wako], 5 mM K3Fe(CN)6, 5 mM K4Fe(CN)6, 2 mM MgCl2, 0.1% tritonX100 in PBS) at room temperature for 3 d. Because -galactosidase hydrolyzes bluo-gal to produce ethanolinsoluble precipitates, bluo-gal was used as a transfection marker (Weis et al., 1991) . Stained nerve pieces were further postfixed on ice for 3 h, and then incubated in 2% osmium tetraoxide (Nisshin EM, Tokyo, Japan) in PBS on ice for 3 h. They were then washed, dehydrated in a graded series of ethanol and embedded in Epon 812 resin mixture (TAAB, Berks, UK). Ultra-thin sections at 70-nm thickness were cut and examined using a HITACHI H-7500 electron microscope. Precipitate-labeled cells and the surrounding non-labeled cells were imaged, and the perimeters of axons and myelin were measured using ImageJ to obtain their diameters. Using these values, g-ratio was calculated. No statistical methods were used 8 to predetermine sample sizes, but our sample sizes are similar to those reported in the previous publication (Cotter et al., 2010; Ozcelik et al., 2010) . Data collection and analysis were not performed blind to the conditions of the experiments.
Western blotting
To prepare the loading samples, cells were lysed with SDS-containing buffer (8% SDS, 20% sucrose, 20% mercaptoethanol, 0.008% bromophenol blue and 250 mM Tris-HCl, pH 6.8) and boiled at 95C for 10 min. Following SDS-PAGE, samples were transferred to polyvinylidene difluoride membranes (Bio-Rad, Hercules, CA, USA), which were then incubated in blocking solution (Tris buffered saline containing 5% skim milk, 0.5% normal goat serum and 0.1% Nonidet P40). The membranes were incubated with rabbit anti-COX IV Immunoreactive bands were detected using the Western Lighting system (PerkinElmer, Boston, MA, USA).
Reagents
ATP and tetanus toxin were purchased from Sigma; UTP, forskolin, and 1-octanol from Nacalai; lidocaine, gadolinium chloride, glibenclamide, bafilomycin A, and calbenoxolone from Wako; NPPB from Tocris; IGF, PDGF, BDNF, and NT-3 from Peprotech (Rocky Hill, NJ, USA); NGF from Alomone Labs (Jerusalem, Israel); Jagged-1 from R&D Systems. 
